Voltage-dependent block of N-methyl-D-aspartate receptors by dopamine D1 receptor ligands.
Accumulating evidence indicates that dopamine and D1 receptor ligands modulate N-methyl D-aspartate (NMDA) receptors through a variety of D1 receptor-dependent mechanisms. In this study, we reveal a distinct D1 receptor-independent mechanism by which NMDA receptors are modulated. Using the human embryonic kidney (HEK) cell recombinant system and dissociated neurons, we have discovered that dopamine and several D1 ligands act as voltage-dependent, open-channel blockers for NMDA receptors, regardless of whether they are agonists or antagonists for D1 receptors. Analysis of structural and functional relationships of D1 ligands revealed the elements that are critical for their binding to NMDA receptors. Furthermore, using D1 receptor knockout mice, we verified that this channel-blocking effect was independent of D1 receptors. Finally, we demonstrated that D1 ligands functionally interact with Mg(2+) block through multiple sites, implying a possible role of the direct channel block under physiological conditions. Our results suggest that the direct inhibition of NMDA receptors by dopamine D1 receptor ligands is due to the channel pore block rather than receptor-receptor interactions.